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ABSTRACT
Purpose: The purposes of this clinical perspective paper 
are (1) to expand physical therapists’ awareness to the 
topic of air quality as a health priority when providing 
professional services; and (2) to provide templates for 
screening the indoor clinical environments and patient 
proﬁles to avert respiratory exacerbations, especially in 
persons with asthma. Summary of Key Points: The location 
where a physical therapist practices determines the air 
quality indices to which a person is exposed. Poor indoor 
air quality can expose a person to even greater compromise 
of respiration (ie, Sick Building Syndrome) than outdoor 
air quality secondary to an array of factors like building 
materials, the ventilation exchange rate of an enclosed 
space, chemicals used in cleaning, and  humidity. Statement 
of Conclusions: Extrinsic (ie, environmental) and intrinsic 
(eg, pre-disposition to airway hypersensitivity) factors must 
be accounted for by physical therapists to safeguard their 
patients and themselves from experiencing respiratory 
compromise and/or distress as a result of a treatment 
session or their place of employment. Recommendations: 
Efforts to screen indoor environments for potential triggers 
and patient risk proﬁles for abnormal airway reactivity 
should routinely be undertaken. Individualized Action 
Plans should be prospectively prepared and readied for 
implementation when warranted.
Key Words: asthma, Sick Building Syndrome, indoor air 
quality, respiratory impairment
INTRODUCTION AND PURPOSE
Basic to the Oxygen Transport System1-3 is the require-
ment that individuals be able to ventilate with or without 
mechanical assistance. This sets in motion a chain of events 
that ultimately permits gas exchange (ie, respiration) to oc-
cur for sustaining life and allowing functional performance. 
So vital is this process of ventilation that our neurophysi-
ology is hardwired to permit both reﬂexive (eg, during sleep) 
and voluntary (eg, during activity) regulation of breathing.4 
Anatomically, our entire respiratory tract from the nostrils 
to the alveoli is lined by respiratory epithelium that has a 
porous protective shield or layer called the mucosa.  This 
mucous membrane serves as the ﬁrst line of defense against 
bacteria, viruses, pollen, animal dander, cigarette smoke, 
dust, chemicals, automobile exhaust, and any other harmful 
air pollutants.5  The mucosa accomplishes this by producing 
mucus which traps particles that enter the nasal passages 
and by cilia that sweep these trapped particles to a point 
where they can be either cleared from the body by cough or 
swallowed and destroyed by stomach acids.5
When breathing air of desirable quality, the assault and 
demand placed upon the mucous membranes of the sinus-
es and respiratory tract is minimal. Descriptors of ideal air 
quality6 include:
?? ??????????????????????????????????
?? ???????????????????????????????
?? ????????????????????????????????????
?? ??????? ???????? ????? ?????? ??????? ???? ?????
saturation); and
?? ?????????????????????????????????????????????????????
ions per cubic centimeter).
In other words, air that is clean, moist, warm, oxygen 
rich, and high in negative ions is the most desirable and 
healthiest air for human beings to breathe.6 
Certain patients are known to be at increased risk for 
respiratory compromise secondary to undesirable outdoor 
and/or indoor air quality exposure.7-9 A partial listing of 
such diagnoses and conditions include patients who are 
very young or elderly, or have:
?? ?????????????????????????????
?? ????????????????????????????????????????????
?? ? ???????????????????????????????????????????????????
Immunodeﬁciency Virus), medication regimen (eg, 
prolonged corticosteroid use), or medical treatment 
intervention (eg, chemotherapy and/or radiation therapy)
Therefore, the purposes of this clinical perspective paper are: 
(1) to expand awareness of physical therapists to the topic of 
air quality as a health priority when providing professional 
services; and (2) to provide templates for screening the in-
door clinical environments and patient proﬁles to avert re-
spiratory exacerbations, especially in persons with asthma. 
Outdoor Air Quality
Considerable attention is given to outdoor air quality 
on an international level. The World Health Organization 
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(WHO) summarized the risk posed to human health and 
well-being worldwide as a result of air pollution in a global 
update report.7 Concerns regarding air pollution escalat-
ed to the extent that on December 7, 2009, the Climate 
Change Conference 2009 was convened by the United Na-
tions in Copenhagen, Denmark.10 At this conference, 194 
negotiating nations participated in a two-week session with 
the primary purpose of curbing global carbon emissions 
(eg, man-made greenhouse gases) that threaten the Earth 
and the quality of air available for people to breathe. 
On any given day and in any geographic location 
within the United States, Air Quality Indices (AQI) can 
be queried to check on the status of outdoor air.11 The 
AQI will report the degree of air quality impairment to 
which the mucous membranes of the respiratory tract will 
be subjected and when a health risk is likely. The AQI is 
provided by the Environmental Protection Agency (EPA)11 
for the 5 major air pollutants (ground-level ozone, par-
ticulate matter, carbon monoxide, sulfur dioxide, and ni-
trogen dioxide). On a scale from 0 to 500, the higher the 
AQI value, the greater the level of air pollution and risk to 
health. An AQI value less than 100 is generally regarded 
as satisfactory to protect public health. The AQI is color-
coded according to 6 levels (green is ‘Good,’ yellow is 
‘Moderate,’ orange is ‘Unhealthy for Sensitive Groups,’ 
red is ‘Unhealthy,’ purple is ‘Very Unhealthy,’ and maroon 
is ‘Hazardous’) of health concern.  For example, air qual-
ity that is ‘Good’ (green) has a value from 0 to 50 whereas 
‘Hazardous”’(maroon) has a value between 301 to 500 
meaning an emergency condition for health exists that is 
likely to affect the entire population. 
Indoor Air Quality
Air quality concerns should not stop with the outdoor 
air quality alone. Alarmingly, the EPA has reported that in-
door air can be as much as 100 times more polluted than 
outdoor air and yet many Americans may spend 90% of 
their time indoors.6,11  Consequently, for many people the 
risks to health may be greater due to exposure to air pollu-
tion indoors than outdoors. For this reason, it is important 
that physical therapists become aware of the warning signs 
and symptoms of what is referred to in the literature as the 
“Sick Building Syndrome” or SBS.12-15
Operationally deﬁned as a pattern of disease symptoms 
linked to poor indoor air quality in workplaces, schools, 
homes, and other buildings, a ‘sick building’ is one in 
which 20% of the occupants experience discomfort that 
is suspected to be caused by contaminated indoor air.14,15 
Symptoms and trends likely to be reported by persons af-
fected by SBS include acute discomfort such as: headache; 
eye, nose, throat irritation; dry cough; dry or itchy skin; 
dizziness and nausea; difﬁculty concentrating; fatigue; 
lethargy; neurotoxic and general health problems; and 
sensitivity to odors and tastes.12-15  The EPA uses SBS to de-
scribe situations in which building occupants experience 
acute health and comfort effects that appear linked to time 
spent in a building (localized to a particular room, zone, 
or widespread throughout the building), but no speciﬁc 
illness or cause can be identiﬁed.15  This is in contrast to 
‘Building Related Illness’ (BRI) when symptoms of a diag-
nosable illness can be attributed directly to airborne build-
ing contaminants.16 It is estimated that up to 30% of new or 
remodeled commercial buildings worldwide and as many 
as 80 million buildings nationally generate unusually high 
health and comfort complaints and could be considered 
‘sick buildings.’6,14,15
A wide array of indoor pollutants has proven harmful to 
the respiratory tract and contribute to SBS and/or BRI. Com-
mon among these indoor air pollutants are6,15,16:
?? Biological contaminants: bacteria, molds, mildew, vi-
ruses, animal dander, dust mites, cockroaches, pollen, 
and rat or mouse urine and feces.
?? Chemicals and chemical solutions: pesticides; carpet-
cleaning residues and adhesives; formaldehyde used in 
building construction and insulation materials; aerosol 
sprays; ofﬁce equipment chemicals, especially those 
from photocopiers and computers; products contain-
ing methylene chloride as in paint strippers, adhesive 
removers, and spray paints; benzene as found in stored 
fuels and paint supplies; and, perchloroethylene from 
items newly dry-cleaned.
?? Combustion products: tobacco smoke; coal- or wood-
burning ﬁreplaces and stoves; and fuel combustion 
gases from gas-ﬁred appliances such as ranges, clothes 
dryers, water heaters, and ﬁreplaces since they pro-
duce nitrogen dioxide, carbon monoxide, nitrous ox-
ides, sulfur oxides, hydrocarbons, and formaldehyde.
?? Ion depletion or imbalance: excess of positive ions 
over negative ions.
?? Particulates: asbestos.
?? Ionizing Radiation: radon.
The Importance of the SBS to Society and to Physical Therapy
The SBS has societal impact on economic and ﬁnancial 
well-being. A direct impact may relate to employee sick-
ness or absenteeism, lower productivity and job satisfac-
tion, and higher employee turnover.13 Indirect impact may 
relate more to the costs associated with providing health 
care for those affected by SBS and conditions such as asth-
ma that are exacerbated by poor indoor air quality.17,18
Initiatives have emerged from the American Physical 
Therapy Association (APTA) related to our profession’s role in 
promoting workplace safety and how “Occupational Health 
Physical Therapy” favorably impacts an employer’s bottom 
line related to lost work days, productivity, and medical 
costs.19  Estimates have been quoted between $45-$60 billion 
cost to our economy due to work-related Musculoskeletal 
Disorders (MSDs) among an estimated 1.8 million US work-
ers. However, estimates due to work-related Cardiovascular 
and Pulmonary Disorders do not receive similar attention.19
Guidelines from the APTA for the role of the physical 
therapist in occupational health include:
“examination and evaluation of individuals with work-
related risk factor(s), impairments, functional limitations, 
disabilities, or other health-related conditions which prevent 
individuals from performing their occupational pursuits in 
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order to determine a diagnosis, prognosis, and implement 
intervention as necessary.”20
One of the 24 categories of test and measures related 
to occupational health in this Guideline speciﬁes “environ-
mental, home, and work (job/school/play) barriers.”20 It is 
important for the physical therapist to consider the degree 
to which outdoor and/or indoor air quality is unhealthy and 
identify those individuals, regardless of age, who may be 
especially sensitive to air pollution. This may be equally as 
important for the physical therapist’s own personal well-be-
ing as it would be for her/his patients, particularly if known 
to have a condition like asthma.21
The importance of physical therapists conducting a risk 
assessment to identify the signiﬁcant threat that air pol-
lution, both outdoors7-9 and indoors,9,11,15 has on human 
health and well-being would be consistent with our pro-
fessional role in occupational health and be in harmony 
with our Code of Ethics.22 Conducting air-quality risk as-
sessments may prove life-saving for patients undergoing 
treatment in the physical therapist’s clinical practice envi-
ronment if exposed to potential airway triggers of an acute 
asthma attack. In addition, educating patients to identify 
warning signs and symptoms related to ‘sick buildings’ and 
poor air-quality at home or at work may avert emergency 
episodes. As a standard precaution, implementation of the 
guidelines for facilitating indoor air quality in classrooms 
for every physical therapy student would simultaneously 
protect those students who have asthma and those who 
don’t, thereby keeping everyone out of harm’s way.
The Importance of Individual Action Plans
When a patient, clinician, or student is known to have a 
high risk proﬁle for respiratory compromise due to poor air 
quality (eg, asthma), it is recommended that an Individual 
Action Plan (IAP) be created.  Modeled after the Asthma 
Action Plan format that is readily available from the Ameri-
can Lung Association,23 it is proposed that an IAP should 
contain: 
?? ???????? ???????????? ???????? ??? ???? ??????? ?????
respiratory compromise (eg, an emergency contact 
person in addition to his or her physician, including 
phone numbers);
?? ???? ????????? ?????????? ??? ?????????? ????????????? ???
respiratory compromise (eg, immuno-suppression) 
along with severity; 
?? ????????? ???????? ??? ????? ???????? ????? ?????? ?????????
and indoor (eg, second-hand smoke) air quality;
?? ?????????????? ?????????????????????? ???????????????????
airway hyper-reactivity (eg, exercise induced 
bronchospasm);
?? ??????????????????????????????????????????????????????????
quick relief (eg, beta-2 agonist) medications, doses, 
and when they should be taken;
?? ?? ????????? ????? ????? ???? ????? ???? ??????????????
values and symptoms which designate that the person 
is ‘Doing Well’ (green zone = greater than 80% of the 
personal best), ‘Getting Worse’ (yellow zone = between 
50-80% of the personal best), and ‘Medical Alert’ (red 
zone = less than 50% of the personal best);
?? ????????????? ???????? ???? ???? ??????? ??? ????? ??? ??? ????
yellow or red zones; plans for ambulance/emergency 
transport (eg, 911);
?? ?? ??????????? ???????????? ???? ??????? ???? ??? ????? ????
expeditious implementation.
Occupational Physical Therapy Recommendations for Safe 
Exposure to Outdoor and Indoor Air Quality
Several recommendations are offered to the physical ther-
apist to protect patients, students, coworkers, and family 
members from threats by poor air quality:
?? ?????? ???? ???????? ???? ???????? ??????? ???? ?? ??????
geographic location on a given day. This can be 
accomplished by logging onto the Web site http://
www.airnow.gov/index.cfm?action=aqibasics.aqi8 and/
or http://www.stateoftheair.org/;24
?? ????????????????????????? ?????????????????????????
(WHO) air quality guidelines for exposure to reduce 
the health effects of pollution for the patients to whom 
you provide professional services. Table 1 provides val-
ues and exposure times that should not be exceeded;7
?? ???????? ?? ???????? ????? ??????????? ???? ??????? ?????-
sensitivity (past/recent/current history of asthma) and 
pre-existing pulmonary conditions (ie, obstructive and/
or restrictive ventilatory impairment), especially for the 
very young or the elderly; 
?? ??????? ????? ???? ????????? ?????????? ???????? ??????????
for respiratory compromise and have them readily 
available for implementation in case of emergency;
?? ??????????????????????????????????????????????????
were identiﬁed and/or experienced as a result of the 
physical therapy treatment visit;
?? ????????? ??? ???????????????? ???????? ?????? ???? ??????????
source control strategies to eliminate individual sources 
of indoor air pollution or reduce their emissions. Table 
2 has been prepared to serve as a guide for multiple 
settings.
Table 1. World Health Organization (WHO) Air Quality 
Guidelines (AQG) for Exposure to Reduce Adverse Health 
Effects of Pollution7
Pollutant Exposure Averaging 
Time*
AQG Value 
Particulate Matter 
(PM2.5)
1 year   10 μg/m3
24 hours   25 μg/m3
Particulate Matter 
(PM10)
1 year   20 μg/m3
24 hours   50 μg/m3
Ozone, O3 8 hour, daily 
maximum
100 μg/m3
Nitrogen Dioxide,  
NO2
1 year   40 μg/m3
1 hour 200 μg/m3
Sulfur Dioxide, SO2 24 hours   20 μg/m
3
10 minutes 500 μg/m3
*Exposure Averaging Time identiﬁes the average duration of exposure time to a known AQG 
value above which adverse health effects would likely be produced.
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Table 2. Action Plan for Improving Indoor Air Quality
Factors to be Monitored and/or 
Controlled
Physical Therapy Clinic or Classroom Patient’s Home or Place of Employment Your Personal Residence 
Identify and eliminate airway triggers
Dust and vacuum room(s) regularly Not while patients or students are 
present 
Not while the patient or employees are 
in the same room 
Consider wearing a protective  
ventilation mask  for whomever 
performs this task 
Clean up mold and repair water leaks 
and avoidance of standing water 
Especially  in hydrotherapy treatment 
areas and  in classrooms when below 
ground- level; dry water-damaged areas 
within 24-48 hours 
Especially in patient’s bathroom(s) , 
employee restrooms, and rooms that are 
below ground-level; dry water-damaged 
areas within 24-48 hours
Especially in your bathroom(s) and 
rooms that are below ground-level; 
dry water-damaged areas within 24-48 
hours 
Control pests Don’t leave food out and dispose of 
trash promptly and properly; follow 
manufacturer’s  safety advice if pesticide 
use is necessary; close up/seal cracks  
and crevices in building foundation and 
in roofs or attics 
Don’t leave food out and dispose of 
trash promptly and properly; follow 
manufacturer’s  safety advice if pesticide 
use is necessary; close up/seal cracks  
and crevices in building foundation, 
garages, and in roofs or attics 
Don’t leave food out and dispose of 
trash promptly and properly; follow 
manufacturer’s  safety advice if pesticide 
use is necessary; close up/seal cracks  
and crevices in building foundation, 
garages, and in roofs or attics 
Avoid sources of secondhand  smoke Public buildings should be designated 
as smoke-free environments such that 
secondhand smoke is unlikely to be a 
problem 
Smoking of tobacco products must not 
be permitted inside the home or motor 
vehicles; Public buildings should  be 
designated as smoke-free environments
Smoking of tobacco products must not 
be permitted inside your home or motor 
vehicles you operate 
Use allergen-proof  soft furniture
and coverlets and keep them clean 
Select cushions, mattresses, pillows, and 
positioning devices that are allergen-
proof; wash pillow cases , linens, and 
blankets in hot water at least weekly or 
more often as needed 
Select cushions, pillows, mattresses, and 
positioning devices that are allergen-
proof; wash pillow cases, linens, and 
blankets in hot water at least weekly or 
more often as needed; keep pets out of 
the bedroom and off soft furniture 
Select cushions, mattresses, pillows, and 
positioning devices that are allergen-
proof; wash pillow cases, linens, and 
blankets in hot water at least weekly or 
more often as needed; keep pets out of the 
bedroom and off soft furniture 
Exercise caution in the use of volatile organic compound (VOC) products
Read and follow all directions and 
warnings on VOC products (e.g. paints 
and lacquers, paint strippers, varnishes, 
cleaning supplies, air fresheners, 
pesticides, and building materials) 
Minimize the use of VOCs (ie, chemicals 
that evaporate at room temperature) when 
patients or students are present; allow for 
adequate  ventilation when  VOCs are  
likely to be released into the environment; 
educate the  person using VOCs how to  
minimize exposure to toxic fumes
Minimize the use of VOCs (ie, chemicals 
that evaporate at room temperature) when 
the patient or  employees are present; 
allow for adequate  ventilation when  
VOCs are  likely to be released into the 
home or workplace; educate the  person 
using VOCs how to  minimize exposure to 
toxic fumes 
Minimize the use of VOCs (ie, chemicals 
that evaporate at room temperature) when  
family members or guests are present; 
allow for adequate  ventilation when  
VOCs are  likely to be released into the 
home; educate the  person using VOCs 
how to  minimize exposure to toxic fumes 
Store all VOCs properly Store VOCs in well- ventilated or vented 
areas; don’t store VOCs in areas in close 
proximity to patients or students 
Store VOCs in well- ventilated or vented 
areas; don’t store VOCs in areas in close 
proximity to the patients or employees; 
keep all VOCs away from children 
Store VOCs in well- ventilated or vented 
areas; keep all VOCs away from children 
Screen and monitor for the safe and proper use of all fuel-burning appliances (i.e. furnaces, gas stoves, ﬁreplaces, chimneys, space-heaters, etc.)
Conﬁrm that these appliances were 
properly installed and adjusted 
Whenever possible, such appliances 
should be vented to the outside;  carbon 
monoxide (MO) detectors should  be 
available and operational 
Whenever possible, such appliances 
should be vented to the outside;  carbon 
monoxide (MO) detectors should  be 
available and operational 
Whenever possible, such appliances 
should be vented to the outside;  carbon 
monoxide (MO) detectors should  be 
available and operational 
Conﬁrm that these appliances are being  
used and maintained properly 
Identify that there is an informed  and/or 
qualiﬁed person or person(s) who is/ are  
responsible for the proper upkeep and 
operation of these appliances according to 
the manufacturer’s  instructions 
Identify that there is an informed  and/
or qualiﬁed person or person(s) who is/
are responsible for the proper upkeep and 
operation of these appliances according 
to  the manufacturer’s  instructions 
Identify that you are properly informed  
and capable of assuming responsibility 
for the proper upkeep and operation 
of these appliances according to  the 
manufacturer’s  instructions 
Establish the safety of radon gas levels for the building being occupied 
Verify the radon gas levels that exist for 
the building 
Especially  important when the patient 
treatment area(s) or classrooms are below 
ground-level 
Especially  important when patient 
treatment area(s) or classrooms are below 
ground-level
Especially important when the rooms are 
below ground-level
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SUMMARY AND CONCLUSION
The location where a physical therapist practices de-
termines air quality indexes to which a person is exposed. 
Poor indoor air quality can expose a person to even greater 
compromise of respiration (ie, Sick Building Syndrome) 
than outdoor air quality due to an array of factors like build-
ing materials, the ventilation exchange rate of an enclosed 
space, chemicals used in cleaning, and humidity.
Extrinsic (ie, environmental) and intrinsic (eg, predispo-
sition to airway hypersensitivity) factors must be accounted 
for by physical therapists to safeguard their patients and 
themselves from experiencing respiratory compromise and/
or distress as a result of a treatment session, their home, or 
their place of employment.
Efforts to screen indoor environments for potential trig-
gers and patient risk proﬁles for abnormal airway reactiv-
ity should routinely be undertaken. Individualized Action 
Plans should be prospectively prepared and readied for 
implementation when warranted.
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